In this work we investigate a system composed by a bundle of carbon nanotube (BuCNT) confronted with fatty acid surrounded. The system consists of a rigid open nanotube and the oleic acid (OA) working as probe relaxing due the interaction with BuCNT. The OA has in his form an asymmetric shape with COOH termination provoking a close BuCNT interaction mainly by van der Waals (vdW) force field. The simulations were performed by classical molecular dynamics coupled with quantum mechanics Hartree-Fock simulations with standard parameterizations. Our results show that these BuCNT are dynamically stable and it shows a preferential interaction position with OA resulting in two features: (i) when the OA terminated with CH 2 is closer to open extremity of BuCNT, the OA is repelled; and (ii) when the OA terminated with COOH is closer to open extremity of BuCNT, the OA is encapsulated by them. These simulations can be utilized as a tool for the constructions of efficient molecular sieves.
INTRODUCTION
Materials with intrinsic selectivity appear in nature in several forms as, for instance, in biological systems when ionic channels are opened or closed in specific conditions as pH, temperature among others. 1 Within new technological advances have preclude to necessity of design nanodevices. 2 An effort has been made to create devices with high selectivity beyond our present micromachining. 3 4 Subashini and Pandurangan have prepared a synthesis route of mesoporous molecular sieves as catalytic template for the growth of carbon nanotubes. 5 Molecular dynamics simulations performed using carbon nanotube including constriction show that entropic effect can be dominant when interacting with molecules with similar sizes concluding that it could useful for permeation selectivity. 6 Also, dispersed oleic acid has been used as nanofluid to stabilize colloidal nanoparticles showing direct evidence for efficient heat transport and it could be useful as a new generation of nanofluids with tunable thermal conductivity 7 as well the capacity for controlled encapsulation.
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In this communication, we have carried out molecular dynamics simulations grounded in classical mechanics with well-known molecular force field 9 10 (and references therein) including bond angle bend, bond stretch, diedral rotation, van der Waals terms and Hartree-Fock quantum mechanics calculations for a bundle of carbon nanotubes (BuCNT) with oleic acid (OA) (working as probe) representing a molecular sieves model. Figure 1 presents a summary of two possibilities of interaction between them: the head and tail of fatty acid in opposite positions to reach the BuCNT.
METHODOLOGY
In these simulations we have done calculations including structures containing up to 1973 atoms. This methodological feature has been guarantied to be very effective in the investigation of dynamic signature of CHON (carbon, hydrogen, oxygen, and nitrogen) structures. [9] [10] [11] [12] [13] [14] The convergence criteria for all calculations were based on previous works done and tested by us [12] [13] [14] as: The energy differences, maximum force, and maximum atomic displacement equal to 10 −4 kcal/mol, 10 −3 kcal/mol/Å, and 10 −5 Å, respectively. Also, the root mean square deviations and displacement as 10 −3 kcal/mol/Å and 10 −5 Å, respectively. After minimization procedures selective canonical dynamics was permitted with time steps of 1 fs were accomplished for all calculations.
The generation of structures were followed by a bundle of carbon nanotube (BuCNT) open at both ends acting as a multishell barrier and confronted with oleic acid surrounded. These carbon nanotube (CNT) that forms the BuCNT were separately optimized (including standards energy and geometric grounds) and reoptimized when put them together. After that we attribute several initial position for OA (as previous described) in order to initialize the full simulation.
To calculate the spectroscopic absorption feature, we utilized the quantum mechanics Hartree-Fock derivative INDO/S-CI (Intermediate Neglect of Differential Overlap/Spectroscopic-Configuration Interaction) approach developed by Zener et al. 15 16 where this methodology was specifically parametrized to describe the ultraviolet-visible spectrum of organic compounds. All the calculations included single excitations, with an average number up to 250 configurations. To compute the optical spectra, we take into account from the first 40-UMOs (Unoccupied Molecular Orbitals) to the last 40-OMOs (Occupied Molecular Orbitals) and adopted the standard the Forsters-Mattaga-Nishimoto parameters. [17] [18] [19] 
RESULTS AND DISCUSSION
In Figure 2(a) , we present the main features of the molecular dynamic simulations to the case presented in Figure 1(a) where the OA has the CH 2 group interacting with the BuCNT. The potential and kinetic energies have a small flotation due the interaction among the atoms of OA + BuCNT. Both quantities are in phase mode producing the same dynamical general features. The net effect of OA over the three external nanotubes could be seen as an oscillatory period of 6.2 fs. Corroborating this signature, we plot out the non-bond energy showing very low variation illustrated as background flotation. Also, Figure 2 
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dynamical aspects of temperature, and it can be described as a simple model of considering the motion of the centerof-mass due repulsion of the van der Waals forces that acting on. See complementary video presented in Ref. [20] . At this point, we could speculate that in opposite configuration OA (Fig. 1(b) with COOH group closer to BuCNT) the net effect could be the same remaining oscillatory frequencies due the huge repulsive force as signature of dynamic properties. These results are presented in Figure 3 . Our findings demonstrated that this repulsion effect disappears due the interactions between the nanotubes and OA inducing massive transfer momentum between them affecting the oscillatory behavior. Figure 3(a) shows the potential and kinetic energies presenting an huge flotation and no sustained oscillatory regime. The non-bonded energy became important as well changing the signal as typical behavior of exchange interaction between OA and BuCNT (up to 15 ps). After that for values larger than 15 ps, the OA is captured inside a specific nanotube show oscillatory energies representing shelled and stable OA into BuCNT. See complementary video presented in Ref. [21] . The same oscillatory regime is followed for temperature ( Fig. 3(b) ) as non-periodic [periodic] behavior for time lower [greater] than 15 ps. A fundamental question is how to utilize this device to work as molecular sieves in a controllable way. This goal could be obtained by applying external electric fields and/or variable magnetic fields in the fatty acid to align in preferential direction. Also, it is possible to separate selectively BuCNT with/without fatty acid.
For the calculation of the optical absorption spectra for BuCNT, OA, and BuCNT + OA, we identify the main optical transitions by their oscillator strengths (o.s.) and compute the corresponding theoretical UV-Vis spectra by broadening each of these principal transitions by a suitably weighted Gaussian function normalized to the calculated oscillator strengths. 22 23 Figure 4 shows the resulting absorption spectra for these three systems.
For BuCNT, the first optical transition appears at 847 nm and it is composed by two transitions, HOMO to LUMO + 1 ( H → L + 1 ) and HOMO − 1 to LUMO ( H − 1 → L ) transitions with large oscillator strength. There are two more additional bands centered in 530 nm and 389 nm corresponding to mixing of several transitions (Also presented in Fig. 4) .
Differently, for OA the most important absorption line corresponds to the H → L + 1 , H − 1 → L , and H − 3 → L transitions centered at 220 nm.
Finally, the behavior of BuCNT + OA shown specific absorption lines and it could be useful to separate different features in terms of electronic behavior for OA encapsulated by BuCNT or only BuCNT.
SUMMARY AND CONCLUSIONS
In principle, this molecular sieve device could work with specific experimental parametrization, although sometimes a residual contamination probably will be present in the environment and this can generate serious problems with the bundle of nanotubes. It is important to rise up that difference values between ideal and real system could be reached but in order to prevent any undesirable interactions signature the main results in this work in grounded in the dynamics process of the interaction between these materials.
We can summary our findings as: (i) Energies (kinetic, and potential) are in phase and directly proportional to the temperature when repulsive action is more favorable (OA with CH 2 group interacting with the BuCNT).
(ii) Only the potential energy is in-phase and directly proportional to the temperature when attractive action is the main one (OA with COOH group interacting with the BuCNT) up to 15 ps.
After that (OA encapsulated by BuCNT), the all system are stabilized showing the same qualitative feature as (i).
The simulations presented here indicate that the asymmetric form and position of probe (OA) is related with device efficiency due mainly the gradient of van der Waals potential acting in.
